Abstract: Analysis of yield stress ratio and overconsolidation ratio as parameter determination preconsolidation in eemian gyttja. The preconsolidation stress is an important phenomenon that determines the value of stress history exerted in the past on the subsoil in the geotechnical engineering. Overconsolidation ratio (OCR) is one of the main criteria conditioning soil behaviour and its characteristics. Here thought, the yield stress ratio (YSR) is used to determine the value of preconsolidation stress resulting from mechanical overburden than can be changed by many post depositional processes like secondary and tertiary compressibility, cementation, aging, temperature change and others. The yield stress ratio (YSR) is defined as the relationship between vertical yield stress (σ' vy ) to the effective vertical stress (σ' v0 ). The eemian gyttja was used as a foundation in the engineering construction. In practical geotechnical engineering, evaluation of stress history is usually based on the overconsolidation ratio (OCR). The yield stress ratio (YSR) was used in the laboratory as one of the basic parameters for the geotechnical design of the structure. To know the relation between geological background, history and mechanical behaviour in long-time process of the soil aims a knowledge that can help engineers who often have to predict soil behaviour based upon the soil geological history and a few geotechnical data. In order to evaluate the yield stress ratio of eemian gyttja it is necessary to restore this soft, organic soil as much as possible to the in situ conditions. The laboratory tests were used to determinate the vertical yield stress and then the yield stress ratio. The laboratory tests were made in the automatic oedometer and the in situ tests were carried out on the dilatometer test (DMT). The comparison between the determination the yield stress ratio of eemian gyttja from the laboratory and the overconsolidation ratio from in situ test has been done. The studies have shown that the values of the overconsolidation ratio determinate from the laboratory tests are a little higher than determinate from the in situ tests.
INTRODUCTION
The preconsolidation stress is an important phenomenon that determines the value of stress history exerted in the past on the subsoil in the geotechnical engineering. Overconsolidation ratio (OCR) is one of the main criteria conditioning soil behaviour and its characteristics. Here thought, the yield stress ratio (YSR) is used to determine the value of preconsolidation stress resulting from mechanical overburden than can be changed by many post depositional processes like secondary and tertiary compressibility, cementation, aging, temperature change and others.
The overconsolidation ratio (OCR) is defined as follows: The yield stress ratio (YSR) is defined as follows (Burland 1996) : The term preconsolidation pressure and overconsolidation ratio should be used for the situations that we know or suppose the values of the geological history. The term vertical yield stress and yield stress ratio should be used for the "real situation" when the soil under long-time compression is noticed. In the soil that the secondary and tertiary compression is visible the yield stress ratio should be obtained.
The proper evaluation of the past effective consolidation stress in the case of natural soil subjected to a complex and difficult to reconstruct geological past often seem to be a problematic task (Stróżyk 2015) . The pre-consolidation pressure value is normally determinate based on compressibility soil test and usually identified with the yield stress and found as a characteristic point on the oedometer tests, where the soil stress-strain is collapsing (Lambe and Whitmen 1977) . The reduction of in situ pressure can be caused by natural geological processes (i.e. melting of glacial ice, tectonic movements, precipitation of cementing agents) or human effects (i.e. excavation). When the present effective vertical stress is less than this maximum, the soil is overconsolidated. Szczepański (2007) indicated that the vertical yield stress is bigger than the preconsolidation pressure, because of the creep of soil or like some author says "aging of the soil" (Bjerrum and Lo 1963, Schmertmann 1991) .
MATERIAL AND METHODS
In situ dilatometer test is usually used to determine the overconsolidation ratio (OCR), based on empirical regional formulas Skutnik 2010, Lechowicz et al. 2014 ). In the laboratory, the preconsolidation pressure or the vertical yield stress can be obtained from the oedometer tests in long-time stress--strain characteristics. Although, Lipiński and Wdowska (2017) in the new method for evaluation of yield stress in cohesive soils indicated that the TX tests should be performed because of, among others, the disturbances can change the final results. Nevertheless, some comparison between oedometer and TX tests on undisturbed organic soils samples have been done and for a long-time process of secondary and tertiary compression excluding measurement of Skempton parameter and pore water pressure, etc. the test results were similar.
In situ investigations using DMT were performed in the "Żoliborz channel" that is located in the western part of Warsaw, where sedimentation of organic soils took place during the Eemian Interglacial. The channel is about 12 km long and nearly 800 m wide in its central part. In the "Żoliborz channel", the organic soils i.e. organic mud and gyttja, reach a thickness of up to 10 m (Fig. 1) . The DMT test was made from the bottom of excavation with a depth of 5.0 m. The calculation included the weight of excavated soil (Bajda and Malinowska 2017) .
The type of soil samples, the laboratory methods and in situ methodology were described by Bajda and Malinowska (2016) .
The physical laboratory tests were carried out on two undisturbed eemian gyttja's samples and included: general index tests for classification and characterization of the gyttja according to PN-EN ISO 14688 -density, grain size distribution and measurement of compressibility tests. The samples of the eemian gyttja have been retrieved from 7.2 m depth (2.2 m below the bottom of excavation) using a Shelby sampler. The physical properties of tested samples are shown in Table 1 . To obtain the overconsolidation ratio from in situ test, the dilatometer test (DMT) was carried out in the analyzed subsoil.
The methodology of standard DMT test is widely known and detailed procedure for conducting the test has been presented by Marchetti (Marchetti 1980 , Marchetti et al. 2001 , Marchetti et al. 2008 .
The value of the preconsolidation pressure is usually determined based on the results of oedometer tests. The preconsolidation pressure (σ′ p ) can be also determined from DMT data according to formula (Mayne 1995):
where: p 0 -corrected DMT contact pressure; u 0 -hydrostatic water pressure.
In situ tests, e.g. dilatometer tests, which can characterize the variation of OCR with depth are valuable tools for geotechnical engineers.
Using the correlation between the overconsolidation ratio (OCR) and the lateral stress index (K D ) for soils with the material index (I D ) bigger than 2.0 and for cohesive soils where the material index (I D ) is smaller than 1.2, the following correlations were proposed by Marchetti (1980) :
It is important to note that the estimation of the overconsolidation ratio from dilatometer tests depends on empirical and local experience. Many studies have been performed to improve the original correlations proposed by Marchetti. However, they were mostly limited to mineral soils.
Experience from organic soils indicates that the relation between the overconsolidation ratio (OCR) and the lateral stress index (K D ) is as follows (Lechowicz 1997):
To determine the overconsolidation ratio from laboratory test, the automatic oedometer test (ACONS) was carried out in the analyzed subsoil.
To determine the preconsolidation pressure or vertical yield stress the relationship between the stress and strain was used. The preconsolidation pressure and then overconsolidation ratio were obtained when the primary consolidation transitions to secondary compression with the time called t a (Malinowska 2016) . And the vertical yield stress and then yield stress ratio were obtained when the soil under long-time compression was noticed, during the tertiary compression.
There were several methods used to estimate preconsolidation pressure and vertical yield stress. The Tavenas et al. (1979) , Sridharan et al. (1991) , and Senol new methods (Senol and Saglamer 2000) are the direct determination methods, whereas Casagrande (1936), Van Zelst (1948) , Schmertmann (1953) and Sällfors (1975) are the graphical ones.
The laboratory methods were described by Bajda and Malinowska (2016) .
RESULTS
To receive the overconsolidation ratio from the laboratory tests the preconsolidation pressure under effective vertical stress were performed first. There are some results presented in Figure 2 .
To receive the yield stress ratio from the laboratory tests the vertical yield log (σ' v0 ) [kPa] s ' p f stress under effective vertical stress for long-time period were performed first. The time was so long to match the secondary and tertiary compression of eemian gyttja. There are some results presented in Figure 3 . Using equations (4) and (5), the in situ test results were obtained (Fig. 4) . The comparison of vertical yield stress and yield stress ratio with the preconsolidation pressure and overconsolidation ratio for eemian gyttja are presented in Table 2 . General, the values of the overconsolidation ratio received by using empirical formulas on the basis of SDMT results differs from values obtained on the basis of oedometer tests and are a little smaller.
The relationship between void ratio and logarithm of the vertical effective stress seems to be the most accurate for determination of the preconsolidation pressure and the vertical yield stress ratio, that includes the mechanical parameters such as secondary and tertiary compressibility and aging.
The yield stress ratio is higher than overconsolidation ratio. It might be caused by the secondary and tertiary compression that is visible in the eemian gyttja.
For further studies, the cementation, temperature change and other parameters should be considered for obtaining the yield stress ratio.
